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(54) r Abstract Title: Expandino a tubular member 

(57) A meti)od of coupling a tubular member 210 to a 
preexisting structure 270 comprising: preforming 
the tubular member to include a first portion, a 
second portion and a third portion; placing a 
mandrel 215 within the second portion of the 
tubular member; positioning the tubular member in 
an cyverlapping relationship to the preexisting 
structure; pressurizing an interior region within the . 
tubular member above the mandrel; and displacing 
the mandrel with reispect to the tubular nr>ember; . 
wherein the inside dianrieter of the second portion 
of the tubular member is greater than the inside 
diameters of the first and third portions of the 
.tubular member. The preexisting structure may be a 
wellbore casing. 
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EXPANDING A TUBULAR MEMBER 
Cross Reference To Reiated Applications 
The present application claims the twnefit of the filing date of U.S. provisional 
patent application serial no. 60/183,546, attorney docket no. 25791.10, filed on 
5 2/18/2000, the disclosure of which is incorporeted herein l)y rsfsrenoe. 

This application is a oontinuation-in-paFt of U.S. Serial No. 09/559,122. attorney 
dodcst number 25791.23.02. filed on 4/26/2000, which claimed the benefit of the filing 
date of U.S. provisional patent appKcatioh serial number 60/13^.106. filed, on 
4/26/1999. which was a continuation-in-part of U.S. patent application serial number 
10 09/523,460, attorney docket number 25791.1 1.02. filed on 3/10/ 2000. which claimed 
the benefit of the filing date of U.S. provistonai patent applicatton serial no. 60/124.042. 
filed on 3/11/1999, which was a continuation-in^rt of U.S. patent applicatton serial 
iiumber 09/510,9il3. attorney docket number 25791.7.02. Whteh claimed the benefit of 
the filing d^ of U.S. provhstonal patent appHcation serial number 60/121,702, fited on 
15 2/25/1999. whioh was a oontinuatton-in-part of U.S. patent application serial number 
09/502.350. attorney docket number 25791.8.02, flted on 2/10/2000, which dairned the 
beitefit of the filing date of U.S. provistonai patent appHcation serial number 
60/119,611. attomey docket number 25791.8. filed on 2/11/1999. which was a 
continuation-in-part of U.S. patent application serial number 09/454,139,' attomey 
20 docket number 25791.3.02. filed on 12/3/1999, which claimed the benefit of the filing 
date of U.S. provisional patent application serial number. 60/111.293. filed on 
12/7/1998. 

T?ie present application is related to the following U.S. patent applicattons: (1) 
utility patent application number . attomey docket number 25791.9.02, 

25 filed on 1 1-16-1999. which claimed the benefit of the filing date of provisional patent 
application number 60/108.558. attorney docket number 25791.9. filed on 11-16-1998; 

(2) utility patent application number. attomey docket number 25791.3.02, 

filed on 12-3-1999, whidi daimed the benefit of the filing date of provisional patent 
appltoation number 60/1 1 1 ^93. attomey docket number 25791 .3. filed on 1 2-7-1 998; 

30 (3) utility patent applicatibn number , attorney docket number 

25791.8.02. filed on 2-10-2000. which claimed the benefit of the filing date of 
provisional patent application number 60/119.611. atlom^ docket number. 25791.8. 
filed on 2-11-1999; (4) provistonai patent application number 60/121,702. attomey 
docket number 25791.7, fited on 2-25-1999; (5) provistonaf patent appHcation number 

35 60/121.841. attomey docket number 25791.12. fited on 2-26-1999; (6) provisional 
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patent application number 60/121,907, attorney dodtet number 25791.16. filed on 2- 
26-1999; (7) provisional patent application number 60/1 24,042, attorney docket number 
25791.11. filed on 3-11-1999; (8) provisional patent application nunrtoer 60/131.106. 
attorney docket number 25791 .23, filed on 4-26-1999; (9) provistonal patent applicatton 
number 60/137.998, attorney docket number 25791.17, filed on 6-7-1999; (10) 
provisional patent applteatton number 80/143.039. attorney docket number 25791.26. 
filed on 7-9-1999; (11) provlsk)nal patent applkatton number 60/146.203. attorney 
docket number 25791.25. filed on 7-29-1999; (12) provisional patent applkatton 

nmber ^ attorney docket number 25791.29, filed on 9-16-1999; (13) 

provisional patent application number attorney docket number 

25791.34. filed on 10-12-1999; (14) proviskmai patent applteatton number , 

attorney docket nun*er 25791.36, filed on 10-12-1999; (13) provisional patent 
appHcation number 6tyi59,033, attorney dodcet number 25791.37, filed on 10-12- 

1999; (15) provisional patent application number , attorney docket 

number 25791 .27. filed on 1 1 -01-1999. 

Applicants incorporate by reference the disclosures of these applications. 

Background of the Invention 

This invention relates generally to wellbore casings, arxJ in particular to wellbore 
casings that are fomied using expandable tubing. 

Conventionally, when a wellbore is created, a number of casings are installed in 
the borehole to prevent collapse of the borehole vlrall and to prevent undesired outflow 
of drilling fluid into the formation or Inflow of fluid from the formation into the borehole. 
The borehole is drilled in intervals v^reby a casing which is to be installed in a lov^r 
borehole Interval is lowered through a previously installed casing of an upper borehole 
interval. As a consequence of this procedure the casing of the lower interval is of 
smaller diameter than the casing of the upper interval. Thus, the casings are in a 
nested arrangement with casing diameters decreasing in downward directton. Cement 
annuii are provkied between the outer surfaces of the casings and the borehole wall to 
seal the casings from the borehole watt. As a oorisequence of this nested arrangement 
a relatively large borehole diameter is required at the upper part of the wellbore. Such 
a large borehole diameter involves Increased qoste due to heavy casing handling 
equipment, large driU bite and increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is invoked due to required cement pumping,* 
cement hardening, required equipment changes due to large variations In hole 



diameters drilled in the course ofihe well, and the large volume of cuttings drilled and 
removed. 

Conventionally* at the surface end of the wellbore, a wellhead is formed that 
typically includes a surtace casing, a numtier of production and/or driiring spools, 
5 v^ng, and a Christmas tree. Typically the wellhead further includes a concentric 
arrangement of casings including a production casing and one or more intermediate 
casings. The casings are typically supported using load t>earing slips positioned at>ove 
the ground. The conventional design and construction of wellheads is expensive and 
complex. 

10 Conventionally, a wellbore casing cannot be foitned during the drilling of a 

weibore. Typically, the wellt)ore is drilled and ttien a wellbore casing is fbnmed in the 
newly drilled section of the wellbore. This delays the oomjdietion of a well. 

The present invention is directed to overcoming one or more of ttie limitations of 
the existing procedures for forming wetlbores and wellheads. 

15 Summary 

According to anotiier emtxxliment of the present invention, a method of 
expanding a tubular rriember is provided that includes placing a mandrel wittiln the 
tubular member, pressurizing an annular region within the tubular member above the 
mandrel, and displacing the mandrel with respect to ttie tubular member. 

20 According to anottier embodiment of the present invention, an apparatus for 

radially expanding a tubular member is provided that includes a first tubular member, a 
second tubular member positioned within the first tubular member, a third tubular 
member movably coupled to and positioned wtthin \he second tubular member, a first 
annular sealing member lor sealing ah interface t)etween the first and second tubular 

25 members, a second annular sealing member for sealing an interface between the 
second and third tubular rriernbers, and a mandrel positioned witiiin tire firsit tubular 
member and coupled to ^n end of the ttiird tubular member. 

According to another embodiment of ttie present invention, an apparatus is 
provided that includes a tubular member, a piston adapted to expand the diameter of 

30 Vhe tubular memt>er positioned witiiin the tubular rriember, and an annular chamber 
defined by the piston and tubular member. The piston includes a passage for 
conveying fluids out of this tubular member. 

According to another embodiment of the. present invention, an apparatus is 
provided that includes a preexisting structure and a tubular, member coupled to the 

35 preexistir^ structure. The tubular memt)er is coupled to the preexisting structure by 



3 



the process of: positioning the tubular member in an overlapping relationship to the 
preexisting structure, placing a mandrel within the tubular member, pressurizing an 
annular region within the tubular member above the mandrel, and displacing the 
mandrel with respect to the tubular member. 

Aooording to another embodiment of the present invention, a metiipd of 
expanding a tubular member is pipvided that includes preforming the tubular member 
to include a first portion, a second portion, and a tfiird portion, pladng a mandrel within 
the second portion of ttie tubular member, pressurizing a region Within flie tubular 
memben and displacing ttie mandrel witti respect to ttie tubular member. The inside 
diameter of the second portion of thB tubular member is greater than ttte inside 
diarneters of the fbrst and third portions of ttie tubular nriemte^^ 

According to anottier embodiment of the present invention, an apparatus for 
radially expanding a tubular member is provided ttiat includes a first tubular member, a 
second tubular member coupled to tiie first tubular member, a third tubular member 
coupled to the second tubular member, and a mandrel positioned witt^in ttie second 
tut)ular member and coupled to an end portion of ttte ttiird tubular member. The Inside 
diameter of Ihe second tubular member is greater ttian ttie inside diameters of ttie first 
arid third tutnjiar members. 

According to another embodiment of the present invention, an appiaratus is 
provided that includes a tubular rnember having first, second, and ttiird portions, a 
piston adapted to expand \he dianr)^ter of the tubular member positioned within the 
second portion of the tubular member, the piston including a passage for conveying 
fluids out of ttie tubular member. The inside diameter of ttie second portion of the 
tubular member is greater Uian ttie inside diameters of the first and ttiird portions of the 
tubular member. 

According to arwther embodiment of the present invention, an apparatus is 
provided ttiat includes a preexisting structure and a tubular member coupled to the 
preexisting structure. The tubular member is coupled to the preexisting structure by 
ttie process oft preforming ttie tubular member to include first, second, and ttiird 
portions, positioning the tubular member in an overiapping relationship to the 
preexisting structuiB; pladng a mandrel witiiin ttie second portion of ttie tubular 
member; pressurizing an interior region wittiin ttie tut)ular member and displacing ttie 
mandrel with respect to ttie tubular merqber. The Inside dianneter of tiie second portion 
of ttie tubular member Is greater ttian ttie inside diameters of ttie first and third portions 
of the tubular member. 



The present embodiments of the invention provide methods and apparatus for 
fonning and/or repairing wellt)ore casings, pipelines, and/or staictural supports by 
radi^ly expanding tubular members. In this manner, the formation and repair of. 
wellbofB casings, pipelines, and structural supports |s improved. . 
5 Brief Description of the Drawings 

FIG. la is a fr^mentary cross-section illustration of an embodiment of an 
anMratus and; method for expanding tubular members. 

FIG. lb is another fragmentary cross-sectional illustration of the apparatus of 
FIG. la 

10 FIG. 1c is another fragmentary cross-sectional illustration of the apparatus of 

RG. la. 

FIG. 2a is a fragmentary cross-section illustration of an embodiment of an 
apparsrtus and rnethod for expanding tubular rnembers. 

FIG. 2b is another fragmentary cross-sectional illustration of the apparatus of 
15 FIG. 2a 

FIG. 2c Is another fragmentary cross-sectional illustration of the apparatus of 
FIG.2a. 

FIG. 2d is another fragmentary cross-secBonal illustration of the apparatus of 
FIG. 2a 

20 FIG. 2e is another fragirientary cross-secUonal illustration of the iapparatus of 

FIG. 2a. 

{Detailed Description of the Illustrative Errd)odiments 
RefOTing now to FIGS, la, lb and 1c, an apparatus 100 for expanding a 
tubular member vAl\ be described. In a preferred embodiment, the apparatus 100 
25 includes a support nnember 105, a packer 1 10, a first fluid conduit 1 15^ an annular fluid 
passage 120, fluid inlets 125, an annular seal 130, a second fluid conduit 135, a fluid 
passage 140, a mandrel 145, a mandrel launcher 150, a tubular member 155, slips 
160, and seals 165. In a prefenned embodiment, the apparatus 100 is used to radially 
expand the tubular mentber 155. Iri this manner, the .apparatus 100 may be used to 
30 form a wellbore casing, tine a welibore casing, form a pipeline, line a pipeline, fbnrn a 
structwal support member, or repair a welibore casing, pipeline or structural support 
member. In a prefenBd embodiment, the apparatus 100 is used to dad at least a 
portion of the tubular member 1 55 onto a preexisting tubular member. 

The support member 105 is preferably\ooup|ibd to the packer 110 and the 
35 mandrel launcher 150. The support member 105 preferably is a tubular member 
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fabricated from any number of conventional oomnrterdally available materials such as» 
for example, c»lfteld country tubular goods, lov^ alloy steel, carbon steel, or stainless 
steel. The support member 105 Is preferably selected to fit through a preexisting 
section of wellbore casing 170. In this manner, the apparatus 100 may be positioned 
5 within the wellbore rasing 170. In a preferred embodiment, the support member 105 is 
releasably coupled to the mandrel launcher 150. In this manner, the support member 
105 rnay be decoupled from the mandrel launcher 150 upon the completion of an 
extnjsion operation. 

' The packer 110 is ooupied to the support mernber 105 and the first fluid conduit 

10 115. The packer 1 10 preferably prcMdes a fluid seal between the outside surfece of 
the first fluM conduit 115 and the inside surfece of the support rttember 105. In this 
noanner, the packer 110 preferably seals off and, in combination with the support 
member 105, first fluid conduit 1 15, second fluid conduit 135, and mandrel 145, defines 
an annular chamber 175. The packer 110 may be any number of conventional 

15 oornmerdally available packers modified in accordance with the teachings of the 
present disctosure. In a prefenred ehibodiment, the packer 110 Is an RTTS packer 
GvaiteMe from Halliburton Energy Services in order to optimally provide high load and 
pressure oontainment capadty while also allowing the padcer to be set and unset 
multiple times without having to pull the packer out of the wellbore. 

20 The first fluid conduit 115 is coupled to the packer 110 and the annular seal 

130. The first fluid conduit 115 preferably is an annular member fabricated from any 
number of conventional commercially available materials such as, for e}campie, oitfiekl 
' oountry tubular goods, low altoy steel, cartK)n steel, or stainless steel. In a preferred 
embodirrtent. the first fluid conduit 115 includes one or more fluid inlets 125 for 

25 conveying fluidic materials from the annular fluid passage 120 into the chamber 175. 

The annular fluid passage 120 is defined by and positioned between the inferior 
surface of the first fluid conduit 1 1 5 and the interior surface of the second fluid conduit 
135. The annular fluid passage 120 is preferably adapted to convey fluidic materials 
such as cenrtent water, epoxy^ lubricants, and slag mix at operating pressures and ftow 

30 rates ranging from about 0 to 3,000 gallons/minute and 0 to 9.000 psi in order to 
optimally pro\4de ftow rates and operattonal pre^res for the radial expansion process. 

The fluid inlets 125 are posittoned in an end portion of the first fluid conduit 115. 
The fluU inlets 125 preferably are adapted to convey fluMIc materials such as cement; 
water, epoxy, lubricante. and slag mix at operating pressures and ftow rates ranging 
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from about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order to optimally provide 
flow rates and operational pressures for the radial expansion process. 

The annular seal 130 Is coupled to the first fluid conduit 115 and the second 
fluid conduit 135. The annular seal 130 preferably provides a fluid seal between the 
5 interior surftioe of the first fluid conduit 115 and the exterior surface of the second fluid 
conduit 135. The annular seal 130 preferably provides a fluid seal between the Interior 
surface of the first fluid conduit 1 15 and the exterior surface of the second fluid conduit 
135 during restive axial motion of the first fluid conduit 115 and the second fluid 
conduit 135. The annular seal 130 may be any number of conventional commerdaily 
10 available seals such as. for example, 6-rings, polypak seals, or metal spring energized 
seals. In a prefenred embodiment the annular seal 130 is a polypak seal available 
from Paricer Seals. 

The second flukl conduit , 135 is coupled to the annular seal 130 and the 
mandrel 145. The second fluhJ conduit preferably is a tubular member febricated frorp 

15 any nuinber of conventional commercially awiilable materials such as, for example, 
coiled tubing, oHfleld country tubular goods, k3w altoy steel, stainless steel, or kiw 
cartxm steel. In a prefenred embodintent, the second fluid conduit 135 is adapted to 
convey fluidic materials such as cement water, epoxy, lubricants, and slag mix at 
(grating pressures and flow rates ranging from about 0 to 9.000 psi and 0 to 3,000 

20 galtons/minute in order to optirnally provide flow rates and operational pressures for the 
radial expansion process. 

The fluid passage 140 is coupled to the second fluid conduit 135 and the 
mandrel 145. In a preferred embodiment, the fluid passage 140 is adapted to convey 
fluklte materials such as cennent, water, epoxy, lubricants, and slag mix at operating 

25 pressures and flow rates ranging from about 0 to 9,000 p$i and 0 to 3,000 
gallons/minute in order to optimally provide flow rates and operational pressures for the 
radial expansion process. 

The mandrel 145 is coupled to the second flukl conduit 135 and the mandrel 
launcher 150. The mandrel 145 preferably are an annular member having a conk: 

30 sectton febricated from, any numl3er of conventional commercially available materials 
such as, for exampfe, machine tool steel, ceramtes, tungsten; carbide, titanium or other 
high strength altoys. In a preferred embodiment, the angle of this conk: section of the 
mandrel 145 ranges from about 0 to 30 degrees in order to optimally expand the 
mandrel launcher 150 and tubular member 155 in the radial directton. in a prefenred 

35 embodiment, the surfece of the conic sectton ranges from about 58 to 62 Rockwell C in 
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order to optimally provide high yield strength. In a preferred emt)odiment, the 
expansion cor>e 145 is heat treated in order to optimally provide a hard outer surface 
and a resilient interior body iri order to optimally provide abrefeion resistance and 
fracture toughness. In an altemative embodiment, the mandrel 145 is expandible in 
order to firther optlmaliy augment the radial expansion process. 

The mandrel launcher 150 is coupled to the support member 105. fhB mandrel 
145. and the tubular member 155. The mandrel launcher 150 preferably are a tubular 
member having a variable cross-section and a reduced wall thickness in order to 
facilitate the radial expansion process. In a preferred embodiment, the cross-sectional 
area of the mandrel launcher 150 at one end is adapted to mate with the mandrel 145. 
and at the other end. the cross-sectional area of the nuindrei launcher 150 is adapted 
to match the cross-eectional area of the tubular member 155. In a preferred 
embodiment, the wall thidcness of the mandrel launcher 150 ranges from about 50 to 
100 % of the wail thickness of the tubular member 1 55 in order to fecilitate the initiation 
of the radial expansion process. 

The mandrel launcher 150 may be febricated from any number of conventional 
commercially available materiats such as, for example, oilfield country tubular goods, 
tow allow steel, stainless steel, or cdrt)on steel. In a preferred embodiment, the 
mandrel launcher 150 is fabricated from oilfield country tubular goods having higher 
strength but lower wall thickness than the tubular member 155 in order to optimally 
mate* the burst strength of the tubular member 155. In a prefened embodiment, the 
mandrel launcher 150 is removably coupled to the tubular member 155. In this 
manner, the mandrel launcher 150 may be nsmoved from the wellbore 180 upon itie 
completton of an extruston operation. 

In an altemative embodiment, the support nf)emt>er 105 and the mandrel 
launcher 150 are integrally fonmed. In this altemative embodiment, the support 
rneniber 105 pr^erablytemriinates above the top of the packer 110. in this altemative 
embodiment, the fluid conduits 115 and/or 135 provide structural support for the 
apparatus 100, using the packer 110 to couple together the elements of the apparatus 
100. In this altemative embodiment, in a preferred embodiment, during the radial 
expansion process, the packer 110 may be unset and reset, after the slips 160 have 
anchored the tubular nnember 155 to the previous casing 170, within the tubular 
member 155, between radial expansion operations. In this manner, the packer 110 is 
moved downhole and the apparatus 1 00 is re^stroked. 
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The tubular member 155 is coupled to the mandrel launcher, the slips 160 and 
the seaisi65. The tubular member 155 preferably Is a tubular member fabricated from 
any number oS conventional commerdaily available materials such as, for example, low 
alby steel, carbon steel, stainless steel, or ollfleld country tubular goods. In a preferred 
5 erntodirnent. the tubular member 155 is fabricated from oilfieid country 

The slips 160 are coupled to the outside surface of the tubular member 155. 
The slips 160 preferably are adapted to couple to the interior walls of a casing, pipelins 
or other structure upon the radiai expansion of the tubular member 155. In this 
manner, the slips 160 provide stnjctural support for the ejtpanded tubuiarmember 1 55. 

10 The slips 160 may be any number of convsntional commercially available slips such 
as, for eKan^He, RTTS padcer tungsten carbMe slips, RTTS pactcer wicker type 
mechanical slips or tJlodel 3L retrievable bridge plug tungsten csffbide upper 
mechanical slips. In a preferred embodiment, the slips 160 are RTTS packer tungsten 
carbide mechanical slips available from Halliburton Energy Services. In a preferred 

15 embodiment, the slips 160 are adapted to.support iaxial forces ranging fifom about 0 to 
750,000 Ibf. 

The seals 165 are coupled to the outside surface of the tubular member 155. 
The seals 165 preferably provide a fiuidic seal between the outside suffece of the 
expanded tubular member 155 and the interior walls of a rasing, pipeline or other 

20 structure upon the radial expansion of the tubular memberl 55. In this manner, the 
seals 165 provide a fiuidic seal for the expanded tubular member 155. The seals 165 
may be any number of conventional commercially available seals such as. for example, 
nitrile mbber. lead. Aflas rubber. Teflon, epoxy, or other elastomers. In a preferred 
embodiment, the seals 165 are rubber seab available from numerous commercial 

25 vendore in order to optimally provide pressure sealing and toad bearing capacity. 

During operation of the appiaretus 100, the apparatus 100 is preferably lowered 
Into a wellbore 180 having a preexisting section of wellbore casing 170. In a preferred 
embodiment, the apparatus 100 Is positioned with at least a pbrtton of the tubular 
member 155 overtapping with a portion of Vt» wellbore casing 170. In this manner, ttie 

30 radid expahston of the tubular member 1 55 will preterably caiise the outsMe sur^ce of 
0« expanded tubular member 155 to couple with the insUe surteoe of ttie weHbore 
caslr^ 170. In a preferred embodlrnent. the radial expareion of the tidHJlar member 
155 will also cause the slips 160 and seate 165 to engage the interior surface of 
ttie wellbore casing 170. In this manner. ti)e expanded tubular member 155 is provided 
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with enhanced structural support by the slips 160 and an enhanced fluid seal by the 
seals 165. 

As illustrated in FIG. 1 b» after placement of the^apparatus 100 in an oveiiapping * 
relationship with the wellbore casing 170, a fluidic material 185 is preferat>ly pumped 
5 into the chamber 175 using the fluid passage 120 and the inlet passages 125. In a 
prefenred embodiment, the fluidic material is pumped into the chamber 1 75 at operating 
pressures and flow rates ranging from about 0 to 9.000 psi and p to 3,000 
gallons/minute in order to optimally provide flow rates and operational pressures for the 
nKiial expansion process. The pumped fluidic niaterial 185 increase the operating 

10 pressure within the chamber 175. The increased operating pressure in the chamber 
175 then causes the mandrel 145 to extrude the mandrel launcher 150 and tubular 
merhber 155 off of the face of the mandral 145. The extni^on of the mandrel launcher 
150 and tubular member 155 off of the face of the nnandrel 145 causes the mandrel 
launcher 150 and tubular memtier 155 to expand in the radial direction. Continued 

15 pumping of the fluidic material 185 preferably causes the entire length of the tubular 
member 1 55 to expand In the radial direction. 

In a prefenred embodiment, the pumping rate and pressure of the fluidic 
material 185 is reduced during the latter stages of the extrusiorv process in order to 
minimize shock to the apparatus 100. In a prefened embodiment, the apparatus 100 

20 includes shoqk absort>ers for absorbing the shock caused by the completion of the 
extrusk)n process. 

in a preferred embodiment, the extrusion process causes the mandrel 145 to 
move in an axial direction 185. During the axial movement of the mandrel, in a 
preferred embodiment the fluid passage 140 conveys fluidic material 190 displaced by 
25 the moving mandrel 145 out of the wellbore 180. In this manner, the operattonal 
efficiency and speed of the extruston process is enhanced. 

In a preferred embodiment, the extnjston pnxess includes the ihjedk>n of a 
hardenaUe fluklic material into the annular regton between the tubular member 155 
and the bore hole 180. In this rhanner, a hardened sealing layer is provided between 
30 the expanded tubular mmiber 155 and the intertor walls of the WBllbore 180. 

As illustrated in FIG. Ic, in a prefened embodiment, upon the completion of the 
extruston process, the support member 105, packer 110, first fluid conduit 115. annular 
seal :130, second fluid conduit 135, mandrel 145, and nriahdrei launcher 150 arp moved- 
from the wellbore 180. 
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In an alternative embodinDent the apparatus 100 is used to repair a preexisting 
wellbore casing or pipeline. In this alternative embodiment, both ends of the tubular 
member 155 preferably include slips 160 and seals 165. 

In an alternative embodiment, ttie apparatus 100 is used to torn a tubular 
5 stnictural support for a building or offshore stiiicture. 

Refening noMr to FjGS. 2a, 2b, 2c, 2d, and 2e, an apparatus 200 for expanding 
a tubular member will be described. In a preferred embodiment the apparatus 200 
includes a support mentber 205, a rhandrel launcher 210, a .mandrel 215. a first fluid 
passage 220, a tubular member 225, slips 230, seate 235, a shoe 240, and a second 
10 fluid passage 2^. In a preferred embodiment, the apparatus 200 is used to radially 
expand ttie mandrel launcher 210 and tubular member 225. In ttiis manner, the 
apparatus 200 may be used to form a wellbore casing, line a wellbore casing, fonn a 
pipeline, line a pipeline, form a stmctural support member, or repair a wellbore casing, 
pipeline or structural support member. In a pir^red embodiment, the apparatus 200 
15 is used to dad at least a portion of ttie tubular rnember 225 onto a preexis^^ 
member. 

The support member 205 preferably coupled to the mandrel launcher 210. 
Th9 support member 205 preferab^ is a tubular mennber fabricated from any number 
of conventional oonrunercially available materials such as, for example, oilfield country 

20 tubular goods,, low alloy steel, cart)on steel, or stainless steel. The support member 
205, the mandrel launcher 210, the tubular member 225, and tine shoe. 240 are 
preferably selected to fit through a preexisting section of wellbore casing 250. In this 
manrier, the apparatus 200 may be positioned within the wellbore casing 270. In a 
prefened embodiment the support member 205 is reieasably coupled to the mandrel 

25 launcher 210. In this manner, the support member 205 may be decoupled from the 
mandrel launcher 210 upon Vhe completion of ^n extrusion operation. 

. The mandrel launcher 210 is coupled to the support member 205 and the 
tubular member 225. The mandrel launcher 210 preferably are a tubular member 
having a variable cross-section and a reduced wall ttiickness in order to fedfitate the 

30 radial expansion prooe^. In a preferred ernbodinient the cross-sectional area of the 
mandrel launcher 210 at one end is adapted to mate with the mandrel 215, and at the 
other end, the cross-sectional area of the mandrel launcher 210 Is adapted to match 
ttie cross-sectional area of the tubular member 225. In a prefenred embodiment the 
wall ttiickness of the mandrel launcher 210 ranges from about 50 to 100 % of the wall 
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thickness of the tubular member 225 in order to facilitate the Initiation of the radial 
QKpansion prooess. 

The mandrel launcher 210 may be fabricated from any number of conventional 
oommerdally available materials such as, for e}tample, oilfield country tubular goods, 
lotsf allow steely stainless steel, or carbon steel. In a prefenred embodiment, the 
mandrel launcher 210 is fabricated from bitfield country tubular goods having higher 
strength but kimr wall thickness than the tubular rrtamber 225 in order to optimally 
match the burst strength of the tubular member 225. In a preferred embodiment, the 
mandrel launcher 210 is removably coupled to the tubular member 225. in this 
manner, the mandrel launcher 210 may be removed from the wellbore 260 upon the 
cornpletion of an extruston operatton. 

The mandrel 215 is coupled to the mandrel laurtcher 210. The mandrel 215 
prefsrably are art annular member having, a oonip section fabricated from any number 
of conventional commerdally available vraterials such as. for example, machine tool 
steei, ceramics, tungsten carbide, titanium or other high strength alloys. In a preferred 
embodiment, the angle of the conic section of the mandrel 215 ranges from about 0 to 
30 degrees In order to optimally expand the mandrel launcher 210 and ttie tubular 
rrtismber 225 in the radial direction. In a preferred embodiment, the surface of the conic 
secBon ranges from about 58 to 62 Rockwell C in order to optimally provide high yield, 
strength. In a preferred embodinient, the expansion cone 215 is heat treated in order 
to optimally provide a hard outer surfece and a resilient Interior body in order to 
optimally provide abrasion resistance and fracture toughness. In an alternative 
embodiment, the mandrel 215 is expendible in order to further pptimalty augment the 
redial expansion process. 

The fluid passage 220 is petitioned within the mandrel 215. The fluid passage 
220 e preferably adapted to convey fluidic materials such as cement, water, eppxy. 
lubricants^ and slag mix at operating pressures and flow rates ranging from about 0 to 
9.000 psi and 0 to 3,000 gallons/minute in order to optimally provide flow rates and 
operational pressures for the radial expansion process. The fluid passage 220 
preferably includes an Inlet 265 adapted to receive a plug, or other similar device. In 
this manner, the interior chamber 270 above the mandrel 215 may be fluldldy isolated 
from the interior chamber 275 betow the mandrel 215. 

The tubular rnember 225 is coupled to the mandrel launcher 210, the slips 230 
and the seals 235. The tubular member 225 preferably is a tubular ntember fabricated 
from any number of conventional commercially avaflable nrtaterials such as, for 
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example, low alloy steel, carbon steel, stainless steel, or difield country tubular goods. 
In a preferred embodiment, .the tubular member 225 is feibricated from oilfield country 
tubular ^.ods. 

The slips 230 are coupled to the outside surfece of the tubular member 225. 
5 The slips 230 preferably are adapted to couple to the interior walls of a casing, pipeline 
or other staicture upon the radial expansion of the tubular member 225. In this 
manner, the slips 230 provide structural support for the expanded tubular member 225. 
The slips 230 may be any number of oonvenfional commercially available slips such 
as, for example, RTFS packer tungsten carbide mechianical slips, RTTS packer wk:ker 

10 type mechanical slips, or Model 3L retrievable bridge plug tungsten cari!>ide upper 
mechank3l slips. In a preferred embodiment, the slips 230 are adapted to support 
a)dal forces ranging from about 0 to 750,000 Ibf. 

The seals 235 are coupled to the outside surface of the tubular member 225. 
The seals 235 preferably provMe a fluidic seal between the outside surface of the 

15 expanded tubular member 225 and the interior wails of a casing, pipeline or other 
structure upon the radial expansion of the tubular memt>er 225. In this nnanner, the 
seals 235 provide a fluidic seal for the expanded tubular member 225. The seals 235 
may be any number of conventional commercially available seals such as, for example, 
nitrile mbber, lead, Afias rubt)er, Teflon, epoxy or other elastomers, in a preferred 

20 embodiment, the seals 235 are conventional rubber seals available from various 
commercial vendors in order to optimally provide pressure sealing and load bearing 
capacity. 

The shoe 240 is coupled to the tubular niember 225. The shoe 240 preferably 
is a substantially tubular member having a fiuk) passage 245 for conveying fluklic 

25 materials from the chamber 275 to the annular region 270 outside of the apparatus 
200. The shoe 240 may be any number of conventional comrinm^ially available shoes 
such as, for example, a Super Seal II fk>at shoe, a Super Seal II Down-Jet ftoat shoe, 
or a guide shoe wKh a sealing sleeve for a latch down plug modified in accordance with 
the teachings of the present disclosure. In a preferred embodimerit, the shoe 240 Is an 

30 aluminum down-jet guide shoe with a seaFirig sleeve for a latch down plug, ayail^ble 
from Halliburton Energy Services, nrxxiified in accordance with the teadiings of the 
present disclosure, in order to optimally gukie the tubular memt>er 225 in the wellbore, 
optimally provide a fluMic seal between the interior and exterior diameters of the 
overtapping joint between the tubular members, and optimally facOitete the complete 
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drilling out of the shoe and plug upon the completion of the cementing and radial 
expansion operations. 

During operatton of the apparatus 200. the apparatus 200 is prefecatoly lowerBd 
Into a Miellbofe 280 having a preexisting section of weilbore casing 275. In a preferred 
emtxxfiment. the apparatus 200 is poslfioned with at least a portion of the tubular 
memlw 225 overiapping with a portion of the wellliore casing 275. In this manner, the 
radial expansion of the tubular member 225 will preferably cause the outside surface of 
the expanded tubular member 225 to couple with the Inside sur^ce of the weilbore 
casing 275. In a prsfened embodiment, the radial expansion, of the tubular member 
225 will also cause the slips 230 and seals 235 to engage with the interior surface of 
the weilbore casing 275. In this manner, the ej^nnded tubular member 225 is provided 
wHh enhanced structural support by the sllps;230 and ah enhanced fluid seal by the 
seals 235. . 

As illustrated in FIG. 2b. after placement of the apparatus 200 in an ovisrtapping 
relationship with the weilbore casing 276. a fluicBc material 280 is preferably pumped 
into the chamber 270. The fluldic material 280 then passes through the fluid |»ssage 
220 into the chamber 275. The fluidic material 280 then passes out of the chamber 
275, through the fluid passage 245. and Into the annular regton 270. In a preferred 
embodiment, the fluidic material 280 is pumped into the chamber 270 at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3.000 
gallons/lfninute in order to optimally provide flow rates and operational pressures for the 
radial expansion process. In a preferred embodiment, the fluidic material 280 is a 
hardenabte fluidic sealing material In order to form a hardened outer annular member 
around the expanded tubular member 225. ' 

As niiKtrated in FIG. 2c, at some later point In the process, a ball 285, plug or 
other sinrilar device, is introduced into the pumped fluidic material 280. In a preferred 
embodiment, the b^ll 285 mates with and seals off the intet 265 of the fluid passage 
220. In this manner, the chamber 270 is fluididy Isolated from the chamber 275. 

As illustrated in FIG, 2d, after placement of th? ball 285 in the Inlet 265 of the 
fluid pMsage 220, a fluidic material 290 is pumped into the (#»amber 270. The fluidic 
material is preferably pumped into the chamber 270 at operating pressures and flow 
rates ranging from about 0 to 9.000 psi and 0 to 3.000 galtons/minute in onJer to 
provide optimal operating Potency. The fluidic material 290 may be any number of 
conventional oommerdai^ available materials such as, for exampte, water, drilling 
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mud. cemsnt, epoxy. or stag mm. In a prefemsd embodiment the fluidic material 290 is 
a non-hardenable fluidic material In order to maximize operational efficiency. 

Continued pumping of ttie fluidic nnaterial 2S0 increases fluidic material 280 
Increases the operating pressure within the chamber 270. The inaeased operating 
5 pressure in the chamber 270 then causes the mandrel 215 to extrude the mandrel 
launcher 210 and tubular member 225 off of the conceal face of the rnandrel 215. The 
extrusion of the nnartdrel launcher 210 and tubular member 225 off of the conical faoa 
of the mandrel 215 cai^es the mandrel laundier 210 and tubular member 225 to 
expand in the radial direction. Continued pumping of the fluidic material 290 preferably 
10 causes the eritire length of the tubular member 225 to expand in the radial direction. 

In a preferred embodiment the pumi^ng rate and pressure of the fluidic 
material 290 is reduced during the latter stages of the extrusion process In order to 
minimize shock to the apparatus 200. In 9 prefiarred embodiment the apparatus 200 
includes shock absorbers for absorbing the shock catused by the completion of the 
15 extruston process. In a preferred embodiment the extrusbn process causes the 
mandrel 215 to move in an axial direction 295. 

As illistiated in FIG. 2e. in a preferied embodiment upon VhQ completion of the. 
extruston proosss. the support member 205, packsir 210, first fluid conduit 215, annular 
seal 230. second fluid conduit 235, mandrel 245, and mandrel launcher 250 are 
20 removed from the wellbore 280. In a prefened embodiment the resulting new sec^on 
of mllbore casing Includes the preexisting wellbore casing 275, the expanded tubular 
member 225, the slips ^30, the seals 235, the shoe 240. and an outer annular^ layer 
4000 of hardened fluidk: material. 

In an alternative embodiment the apparatus 200 is used to repair a preexisting 
25 wellbore rasing or pipeline. In this altemative embc^iment both ends of the tubular 
member 255 preferably include slips 260 and seals 265. 

In an altemative embodiment the apparatus 200 is used to form a tubular 
structural support for a building or offshore structure. 

in a preferred embodiment the tubular rrtembers 105 and 225; shoes 240; 
30 expanston cone launchers 150 and 210; and expansion cones 145 and 215 are 
. provMed substantially as described in one or more of the following U.S. patent 

appBrations: (1) uHlity patent applicatton nunfiber ' attorney docket 

number 25791.9.02, filed on 11-16-1999, which claimed the benefit of the filing date of 
provisional patent application nunriber 60/108.558, attorney docket number 25791.9, 
35 filed on 1 1-16-1998; (2) utllfty patent applidation number attorney docket 
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number 25791.3.02. filed on 12-3-1999, which claimed the benefit of the filing date of 
provisional patent application number 60/111,293. attorney dodcet number 25791.3. 
filed on 12-7-1998; (3) utiiity patent application number attorney docket 

number 25791.8.02. filed on 2-10-2000. which claimed the benefit of the filing date of 
5 provisional patent application number 60/119,611, attorney docket number 25791.8. 
filed on 2^11-1999; (4) provistonal patent applkation number 60/121,702. attorney 
docket number 25791.7. filed on 2-25-1999; (5) provisional patent application number 
60/121.841, attorney docket number 25791.12. filed on 2-26-1999; (6) provlstonal 
patent appHcatkm nurhber 60/121.907, attorney docket number 25791.16, filed on 2- 
10 26-1999; (7) provistonal patent appOcatton number 60/124,042, attorney docket number 
25791.11, filed on 3-11-1999; (8) provisional patent applicatton number 60/131,106. 
attorney docket number 25791.23. filed on 4-26-1999; (9) proviskMial patent application 
number 60/137,998, attorney docket number 25791.17, filed on 6-7-1999; (10) 
provisional patent appHcafion number 60/143,039. attorney docket number 25791.26. 
15 filed on 7-9-1999; (11) provistonal patent applicatton number 60/146,203, attorney 
docket number 25791.25, filed on 7-29-1999; (12) provistonal patent applicatioh 

number , attorney docket number 25791.29, filed on 9^16^1999; (13) 

proviskmal patent application number , attorney docket number 

25791.34, filed oh 10-12-1999; (14) provisional patent application number , 

attorney docket number 25791.36, filed on 10-12-1999; (13) provisional patent 
application number 60/159,033. attorney docket number 25791.37. filed on 10-12- 

1999; (15) provisional patent applicatton number , _. attorney docket 

number 25791.27, filed on 11-01-1999. Applicants incorporate by reference the 
disclosures of ttiese applteations. 

AHhough illusibBtive embodiments of ttie Invention have been shovm and 
descra)ed, a wkle range of. modification, changes and substitutton is contemplated in 
ttie fbregoing disdosure. In some Instances, some features of the present Invention 
may be empkiyed wHhout a conesponding use of ttte ottier features. Accordingly, It is 
appropriate ttiat ttie appended claims be constmed broadly and In a manner consistent 
witti ttie scope of the Invention. 
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Claims 

1 . A method of coupling a tubular member to a preexisting structure, comprising: 
preftxming the tubular member to include a first portion, a second portion and a 

third portion; 

5 piadng a mandrel within the second portion of the tubular memben 

posittoning the bibuiar member in an overlapping relationship to the preexisting 
structure; 

pressurizing an interior region within the tubular member above the mandrel; 

and 

1 0 displacing the mandrel with rrapect to the tubular memben 

wherein the inside diameter of the second portion of the tubular member is 

greater than the Inside diameters of the first and third portior^ of the tubuldr member, 
wherein the pressurizing is provided at operating pressures ranging from 0 to 

9,000 psi; and 

15 wherein the pressurizing is provided at flow rates ranging from 0 to 3,000 

gallons/minute. 

2. An apparatus for coupling a tubular menrdter to a preexisting strticture, 
comprising: 

20 means for preforming the tMbular member to Include a first portion, a second 

portion and a third portion; 

means for placing a mandrel within the second portion, of the tubular member; 

means for positioning the tubular member in an overlapping relationship to the 
preexisting structure; 

25 means for pressurizing ah interior Region within the tubular member above the 

mandrel; and 

means for displacing the mandrel with respect to the tubular memben 
wherein the inside diameter of the second portion of the tubular member Is 
greater than the inside diameters of the first and tttird portions of the tubular memben 
30 wherein the nrieans for pressurizing is provided at operating pressures ranging 

from 0 to 9,000 psi; and ^ 

wherein the means for pressurizing is provided at flow rates ranging from 0 to 
3,000 gallons/minute. 

35 
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3. An apparatus, comprising: . 
a preexisting structure; and 

a tubular member coupled to Vt\e preexisting structure by the process of: 
preforming the tubular nnemt)er to indude a first portion, a second p 
5 third portion; 

placing a mandrel within the second portion of the tubular memben 
positioning the tubular member in an dvertapping relationship to the preexisting 
structure; 

pressurizing an interior region within the tubular member above the mandrel; . 

10 and 

displacing the mandrel with raspect to the tubular memben 
wherein the inside diameter of the second portion of the tubular member is 
greater than the inside diameters of the first and third portions of the tubular rnember. 
wherein the pressurizing is provided at operating pressures ranging frorh 0 to 
15 9,000 psi; and 

wherein the pressurizing is provided at flow rates ranging from 0 to 3,000 
gallons/minute. 
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